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© Apparatus for removing liquid and residue from a web of film. 



© An apparatus for removing liquid and residue 
from a web of film is provided. The apparatus in- 
cludes an exhaust tube (21) having an inlet and an 
outlet, the web of film (15) passing through- the 
exhaust tube from the inlet through the outlet, the 
exhaust tube being under a negative pressure. Two 
air knives (31 ,33) are located above the outlet of the 
^exhaust tube, one air knife being located on a first 
^side of the film and second air knife being located 
fson a second side of the film, the air knives include a 
€S plurality of holes for directing a gas for removing the 
^0 liquid and residue onto the web of film (15). The 
00 exhaust tube (21) cooperates with the air knives 
<M(31,33) to capture a portion of the removed liquid 
Qand residue. 
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APPARATUS FOR REMOVING LIQUID AND RESIDUE FROM A WEB OF FILM 



This invention relates generally to apparatus for 
removing liquid and residue from a web of film. 
More specifically, this invention relates to air knives 
for removing liquid and residue from a web of film 
in a packaging machine. 

Typically, in the packaging area-it is necessary 
for a web of film to be washed, cleaned, or steril- 
ized prior to its creation into a package for housing 
a product. For example, in packaging process for 
creating products for human consumption or infu- 
sion, jt is common to treat a web of film that is fed 
into the machine with a liquid sterilant or wash that 
includes water, chemical sterilants, or wetting 
agents. The chemical or liquid sterilant sterilizes 
and/or cleans the web of film so that it can be 
utilized to create a sterile product. Sterilization and 
cleansing of the film is critical, for example, in the 
medical industry, when one is packaging parenteral 
or enteral products. This sterilization step is espe- 
cially critical if the resultant product is not to be 
terminally sterilized, i.e., if the packaging machine 
is an aseptic packaging machine. 

After the film has been washed, cleaned, or 
sterilized, liquid and other residue, for example a 
chemical sterilant or wetting agent such as hy- 
drogen peroxide typically remains on the film. Ac- 
cordingly, it is necessary to remove the liquid 
and/or residue from the film. Again, this is espe- 
cially true when chemical sterilants are used and 
the resultant packaged product is for human con- 
sumption or infusion. For example, current FDA 
regulations require that hydrogen peroxide residue 
not be greater than .1 ppm. 

To remove liquid and other residue, air knives 
have been utilized. It is basic form, an air knife 
comprises an apparatus for blowing a stream of air 
across a web of film so that the liquid contained 
thereon is blown off the film. The goal of an air 
knife is to remove the liquid contained on the film 
thereby reducing residue and drying the film. Ac- 
cordingly, an air knife must remove as much liquid 
and residue as possible. 

It is known in the. packaging art to utilize an air 
knife that comprises an elongated tube having a slit 
along its length through which air is blown. Typi- 
cally, two air knives are situated one on each side 
of the web of film and the air is blown onto the web 
of film through the slits. However, typically the 
liquid and residue containing air blown off the film 
is free to circulate in the remaining portions of the 
packaging machine in which the air knives are 
used. Accordingly, the blown off residues and liq- 
uids may find their way back onto previously dried 
film, or, increase the amount of residue and liquid 
on film that has not yet been exposed to the air 



knives. 

Typically, air knives are difficult to sterilize 
because of their location, cleanability and drainabil- 
ity. It is also difficult to dry the air knives. The air 
s knife is usually located in a criticaJ area of the 
machine that is not easily sterilized with chemicals. 

Accordingly, there is a need for an improved 
air knife, especially for use in a packaging ma- 
chine. 

10 The present invention provides an apparatus 
for removing liquid and residue from a web of film. 
The apparatus includes means for blowing a gas 
onto the web of film, the means including a gas 
inlet at an end thereof and aperture means for 

rs allowing the gas to exit the means for blowing and 
be blown onto the film. The apparatus also includes 
exhaust means for capturing at least a portion of 
the residue and liquid blown of the film. The web of 
film passing through slots in the exhaust means 

20 and past the means for blowing which is located 
upstream of the exhaust means. 

Preferably, the aperture means comprises a 
plurality of holes along the length of the means for 
blowing. Preferably, the inside cross-sectional area 

25 of the means for blowing is greater than a sum of 
the area of all the holes. 

Preferably, the means for blowing and exhaust 
means are at least partially surrounded by a cham- 
ber means, the chamber means including a film 

30 inlet slot and a film outlet slot The chamber means 
preferably has a greater positive pressure than a 
pressure outside the chamber means. 

Most preferably, two means for blowing and 
exhaust means are provided. One means for blow- 

35 ing and exhaust means being located upstream 
along the film feed path from the other means for 
blowing and exhaust means. 

The present invention also provides a system 
for sterilizing the apparatus for removing liquid and 

40 residue. The system comprises means for intermit- 
tently introducing steam into each air knife along 
with the chemical or liquid sterilant to sterilize the 
air knives. 

Accordingly, an advantage of the present in- 
45 vention is to provide an improved apparatus for 
removing liquid and residue from a web of film. 

A still further advantage of the present inven- 
tion is that it provides an air knife for use in a 
packaging machine, 
so Moreover, an advantage to the present inven- 
tion is that it provides an aseptic air knife for use in 
an aseptic packaging machine. 

Additionally, an advantage to the air knife of 
the present invention is that it provides an exhaust 
means for capturing at least a portion of the liquid 
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and residue blown off the web of film. 

Still an additional advantage of the present 
invention .is that it provides an air knife with a 
plurality of holes and accordingly provides a more 
uniform distribution. of air across the web of film. 

Moreover, an advantage of the present inven- 
tion is that it provides two sets of air knives to 
insure that the web of film is dried and the majority 
of residues are removed. 

Furthermore, an advantage of the present in- 
vention is that it provides an improved system for 
sterilizing the apparatus for removing liquid and 
residue from film. 

A still additional advantage of the present in- 
vention is that the air knives are removably secured 
within the apparatus so that they may be removed 
for repair or inspection and can be positively re- 
placed in an identical manner. 

Another advantage of the present invention is 
that it provides a modular system for use in a 
packaging machine. 

Additional features and advantages of the 
present invention are described in, and will be 
apparent from, the detailed description of the pres- 
ently preferred embodiments and from the draw- 
ings. 

Figure 1 illustrates a perspective view of a 
form, fill and seal packaging machine having the 
apparatus for removing liquid and residue of the 
present invention. 

Figure 2 illustrates a cross-sectional view of 
the apparatus for removing liquid and residue of 
the present invention. 

Figure 3 illustrates a side elevationa! view of 
a portion of the apparatus for removing liquid and 
residue of the present invention. 

Figure 4 illustrates a cross-sectional view of 
the apparatus for removing liquid and residue. 

Figure 5 illustrates a cross-sectional view 
taken along lines V-V of Figure 3. 

Figure 6 illustrates a perspective view of the 
air knife alone. 

Figure 7 illustrates a schematic view of the 
system for the apparatus for removing liquid and 
residue of the present invention. 

The present invention provides an apparatus 
for removing liquid and other residue from a web of 
film. The apparatus can be utilized, in a preferred 
embodiment, to remove liquid and other residue 
from a web of film that is being fed into a pack- 
aging machine. In a most preferred embodiment, 
the apparatus can be utilized to remove liquid and 
other residue in a form, fill, seal packaging ma- 
chine that is utilized to make flexible containers for 
packaging, for example, parenteral and enteral pro- 
ducts. 

Referring now to Figure 1, the apparatus for 
removing liquid and other residue 10 is illustrated 



in a form, fill, seal packaging machine 12. Briefly, 
the form, fill and seal packaging machine includes 
a film station 13 that feeds a web of film 15 into a 
bath 16 for washing or sterilizing the film. The film 

s is fed to the apparatus for removing liquid and 
residue 10 and then to the packaging station 18 of 
the machine 12 where the film 15 is created into 
flexible packages. 

In the preferred embodiment illustrated, the 

jo apparatus 10 includes two internal chambers 20 
and 30 respectively. Each internal chamber 20 and 
30 has a similar construction. As illustrated, the 
web of film 15 passes through the first internal 
chamber 20 and then through the second internal 

is chamber 30. Although two internal chambers 20 
and 30 are illustrated, the apparatus 10 can include 
only one internal chamber and accompanying ap- 
paratus situated therein or can include more than 
two internal chambers. By utilizing two internal 

20 chambers 20 and 30 and accompanying apparatus 
10, one is assured that the web of film 15 is dried 
and any residues are removed. 

The internal chambers 20 and 30 are secured 
within a cabin 29. In an aseptic form. fill, seal 

25 packaging machine, the cabin 29 comprises a ster- 
ile cabin that is under a positive pressure of sterile 
airflow. Of course, the internal chambers 20 and 30 
can be situated or located in other portions of the 
machines in which they are being used. 

30 Before the web of film 15 enters the first inter- 
nal chamber 20, it has been washed, cleaned 
and/or sterilized by being passed through or 
sprayed with a liquid sterilant or cleaner. For exam- 
ple, in the form, fill, seal packaging machine 12 

35 illustrated, the web of film 15 passes through a 
bath 16. Accordingly, the film 15 may still be wet 
and include residues that must be removed. For 
example, it is known to pass a web of film 15 
through a hydrogen peroxide/water solution to ster- 

40 ilize and/or wash the film. After passing through a 
hydrogen peroxide solution, the web of film 15 will 
probably have on its surface hydrogen 
peroxide/water solution and hydrogen peroxide re- 
sidue that must be removed. To remove the hy- 

45 drogen peroxide residue, heated air can be blown 
across the web of film 15 to cause the hydrogen 
peroxide to vaporize. The resultant water is blown 
off the web of film 15 by the air knife and accord- 
ingly the film is dried. 

so Referring now to Figures 2 and 4. a cross- 
sectional view of the internal chamber 20 and ap- 
paratus for removing liquid and residue 10 of the 
present invention is illustrated. Although only the 
first internal chamber 20 and accompanying struc- 

55 ture is illustrated, the second internal chamber 30 
has a similar construction. 

As illustrated, location within the internal cham- 
ber 20 is an exhaust tube 21 that has a film inlet 23 
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and a film outlet 25. The film inlet 23 and outlet 25 
cooperate to allow the web of film 15 to pass 
through the exhaust tube 21. To this end. the film 
inlet 23 has a sufficient width and length to allow 
the web of film 15 to pass therethrough. The film 5 
outlet 25 is larger than the inlet 23, because, as will 
be discussed in more detail below, the outlet also 
functions to capture a portion of the liquid and 
residue blown off the film 15. 

The exhaust tube 21 is secured to a fume ro 
exhaust vacuum pump or similar means that ef- 
fects a negative pressure within the exhaust tube. 
Accordingly, the exhaust tube 21 exerts a vacuum 
pressure. As will be discussed in more detail be- 
low, this allows the exhaust tube 21 to capture. is 
through the outlet 25. at least a portion of the liquid 
and residue blown off the web of film 1 5. The fume 
exhaust can be any means known in the art An 
example of a fume exhaust that has been found to 
work satisfactory is manufactured by the New York 20 
Blower. 

Located upstream from the exhaust tube 21 
along the web of film path are two elongated air 
knives 31 and 33. The first air knife 31 is located 
on one side of the web of film 15 and the second 25 
air knife 33 is located on the second side of the 
web of film. The air knives 31 and 33 cooperate to 
blow at least a portion of the liquid and residues off 
the web of film 15. 

Figure 6 illustrates an air knife 31 . The other air 30 
knife 33 has a similar construction. As illustrated, 
the air knife 31 includes an air inlet 35. The air inlet 
35 allows pressurized air to flow into the air knife 
31. To this end. the end of the air knife having the 
air inlet 35 is secured by a continuous tube 34 to 35 
the sterile air supply. 

The air knife 31 includes a plurality of holes 39 
located along the length of the air knife. The holes 
39 allow pressurized air to be blown onto the web 
of film 15 removing at least a portion of the liquid 40 
and residue contained thereon. Preferably, the 
holes 39 extend along the length of the air knife 31 
for a distance that is equaJ to at least the width of 
the web of film 15. Accordingly, the whole width of 
the web of film 15 is exposed to pressurized air via 45 
the holes. Because the air knives 31 and 33 in- 
clude a plurality of holes rather than a slit, as in 
some prior art air knives, a more uniform distribu- 
tion of the pressurized air across the web of film 15 
is effected. 50 

To insure that the air knives 31 and 33 have a 
positive pressure and pressurized air exits the 
holes 39. the inside cross-sectional area of the air 
knife is greater than the sum of the area of each of 
the holes. This provides an equaJ distribution of air 55 
within the air knives 31 and 33. 

Each air knife 31 and 33 includes a hole (not 
shown) in its bottom portion. This hole allows hy- 



drogen peroxide or other sterilant to be drained out 
of the air knife. As discussed in detail below, in a 
presterilization cycle, the air knives 31 and 33 are 
fogged with hydrogen peroxide and high quality 
steam. 

The air knives 31 and 33 are secured in posi- 
tion by being locked in by a slot and key arrange- 
ment. To this end located at the end of each air 
knife, is a fitting that mates with a sanitary fitting on 
the sterile air supply. Furthermore, an end 44 of 
the air knife 31 is designed to be received within a 
notch 46 in a side 48 of the cabin 29. Accordingly, 
the air knives 31 and 33 are removably secured 
within the internal chamber 20. Accordingly, one is 
able to disassemble the air knives 31 and 33 for 
repair or inspection by pulling the air knives 31 and 
33 out. 

As illustrated in Figure 4, the holes 39 in the air 
knives 31 and 33 are oriented at an angle of 
approximately 25° to about 35° with respect to the 
web of film 15. This angle can be important in 
insuring proper removal of the liquid and residue 
from the web of film 15. 

The air knives 31 and 33 are located above the 
exhaust tube 21. Accordingly, at least a portion of 
the liquid and residue that is blown off the web of 
film 15 is captured by the exhaust tube 21. To this 
end. the outlet film end 25 of the exhaust tube 21 
has a sufficiently large width and length to allow a 
portion of the residue and liquid to be captured 
therein. Moreover, because a vacuum pressure is 
exerted by the exhaust tube 21 . there is a ten- 
dency for fluid to flow from the film 15, as it is 
blown off the film, into the exhaust tube. Accord- 
ingly, instead of being vented into the remaining 
portions of the internal chamber 29. at least a 
portion of the liquid and residue is vented into the 
exhaust tube 21 and accordingly, cannot contami- 
nate the remaining portions of the web of film 15. 

Figures 3. 4 and 5 illustrate the construction of 
the first chamber 20. Of course, the second cham- 
ber 30 has a similar construction. The first chamber 
20 includes two wall members 51 and 53. The wall 
members 51 and 53 are secured together around 
the air knives 31 and 33 and exhaust tube 21. by 
four connection rods 54, 55, 56 and 57. The con- 
nection rods are constructed so that they secure 
the wall members 51 and 53 together at a pre- 
determined distance from each other. Accordingly, 
an inlet slit 58 and outlet slit 60 is defined by wall 
members. The inlet slit allows the web of film 15 to 
flow into the chamber 20 and the outlet slit 60 
allows the film to exit the chamber 20. The connec- 
tion rods 54, 55, 56, and 57 are located at a 
distance sufficient to allow a web of film 15 to flow 
through the chamber. 

The connection rods 54. 55. 56, and 57 also 
function to secure the chamber 20 within the cabin 
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29. To this end, the connection rods 54. 55, 56. 
and 57 are bolted, or affixed by other means, to a 
side 62 of the cabin 29: 

From the exhaust tube 21. the residue and 
liquid captured is vented to the fume exhaust. 

As illustrated in the embodiment illustrated in 
Figure 1. preferably two internal chambers 20 and 
30 and sets of air knives 31, 33 and 61. 63 and 
exhaust tubes 21 and 40 are utilized. This insures 
that the film 15 is dried and the majority of rest- 
dues are removed. It has been found that by utiliz- 
ing two sets of air knives 31. 33 and 61, 63 and 
two internal chambers 20 and 30 that a residue of 
0.1 part per million in the final product is achieved. 
As previously stated, however, depending on the 
application, more than two, or less than two, air 
knives and chambers can be utilized. 

Preferably, the air knives 31, 33 and 61, 63 are 
constructed from stainless steel. Most preferably, 
the air knives 31. 33 and 61, 63 are constructed 
from Type 315 steel. Likewise, the exhaust tubes 
21 and 40 are preferably constructed from stainless 
steel, and most preferably 316 stainless steel. 
However, the air knives 31, 33 and 61. 63 and 
exhaust tubes 21 and 40 can be constructed from 
an corrosion resistant material. 

The internal chambers 20 and 30 likewise can 
be constructed from any rust resistant material. 
Most preferably, the internal chambers 20 and 30 
are constructed from a plastic resistant to hydrogen 
peroxide, for example polycarbonate. 

As previously stated, in use in a packaging 
machine and specifically an aseptic packaging ma- 
chine, the apparatus for removing liquid 10 can be 
contained in a sterile cabin 29. The sterile cabin 29 
may have a positive pressure due to a HEPA 
system. The internal chambers 20 and 30 prefer- 
ably are under a positive pressure that is slightly 
greater than the pressure in the sterile cabin 29. 
The pressure in the sterile cabin 29 is effected by 
the air knives. This insures that the residue and 
water blown off the web of film 15 is concentrated, 
to the extent possible, in the exhaust tube 21 and 
does not recontaminate the web of film. 

Preferably, the gas that is blown onto the film 
15 is heated. As previously stated, this vaporizes 
the hydrogen peroxide. Moreover, by applying heat 
to the web of film 15. it affords the film better 
sealing characteristics. This is especially desireable 
if the film is being processed in a form, fill, and 
seal packaging machine. Preferably, for economic 
reasons, the gas is air, however, other gases can 
be utilized such as nitrogen. 

Referring now to Fig. 7, a schematic illustrating 
the sterilization process of the air knives 31, 33 and 
61, 63 and exhaust tubes 21 and 40 is set forth. As 
illustrated, the sterilization process comprises pul- 
sing steam with hydrogen peroxide into the air 



knives. To this end, during the sterilization process, 
at start up, hydrogen peroxide is fed from a reser- 
voir, such as for example a hydrogen peroxide 
bath, into the air knives. At the same time intermit- 

5 tently, steam is pulsed into the air knives. The heat 
from the steam, with the hydrogen peroxide mix. 
produces a lethal mixture that affords a very high 
kill (sterility assurance level = 10"*). The steam is 
pulsed into the air knives for 10 (ten) seconds 

to every 5 (five) minutes during the sterilization pro- 
cess. The sterilization process lasts for approxi- 
mately 30 minutes. 

The steam is pure steam and is passed 
through two 0.2 micron sterilization filters to control 

is particulate- The steam is at a temperature of ap- 
proximately 250 °F and enters the air knives at a 
temperature of 21 2° F. After the air knives have 
been sterilized, air is supplied to the air knives as 
has been previously disclosed in the specification. 

20 The air is heated to a temperature of approximately 
225 °F and is also passed through two 0.2 micron 
sterilization filters to control particulate and sterilize 
the air. During normal operation only air is supplied 
to the knives and the valves allowing the flow of 

25 hydrogen peroxide or steam are closed. 

It should be understood that various changes 
and modifications to the preferred embodiments 
described herein will be apparent to those skilled in 
the art Such changes and modifications can be 

30 made without departing from the spirit and scope 
of the present invention and without diminishing its 
attendant advantages. It is therefore intended that 
such changes and modifications be covered by the 
appended claims. 

35 

Claims 

1 . An apparatus for removing liquid and residue 
40 from a web of film comprising: 

means for blowing a gas onto the web of film, 
the means including a gas inlet at an end thereof 
and aperture means for allowing the gas to exit the 
means for blowing and be blown on the film; 
45 exhaust means for capturing at least a portion 

of the residue and liquid blown from the film; and 

the web of film passing through openings in 
the exhaust means and the means for blowing 
being located upstream of the exhaust means. 
so 2. The apparatus of claim 1 wherein said ap- 
erture means includes a plurality of holes along a 
length of the means for blowing. 

3. The apparatus of claim 2 wherein an inside 
cross-sectional area of the means for blowing is 
55 greater than a sum of the area of each hole. 
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4. The apparatus of claim 1 including two 
means for blowing, one means for blowing being . 
located on a first side of the web of film and the 
second means for blowing being located on a sec- 
ond side of the web of film. . 5 

5. The apparatus of claim 1 wherein the means 
for blowing and exhaust means are at least partially 
surrounded by a chamber means, the chamber 
means Including a film inlet slot and a film outlet 
slot. [0 

6. The apparatus of claim 5 wherein the cham- 
ber means has a positive pressure greater than a 
pressure outside the chamber means. 

7. The apparatus of claim 1 wherein the gas 
being blown by the means for blowing is heated. is 

8. An apparatus for removing liquid and residue 
from a web of film comprising: 

an exhaust tube having an inlet and an outlet, 
the web of film passing through the exhaust tube 
from said inlet through the outlet the exhaust tube 20 
being under a negative pressure; 

two air knives located above the outlet of the 
exhaust tube, one air knife being located on a first 
side of the film and a second air knife being 
located on a second side of the film, the air knives 25 
including a plurality of holes for directing a gas for 
removing the liquid and residue onto the web of 
film; and 

the exhaust tube cooperating with the air 
knives to capture a portion of the removed liquid 30 
and residue. 

9. The apparatus of claim 8 wherein the cross- 
sectional internal area of the air knives is greater 
than a sum of the area of each hole. 

1 0. The apparatus of claim 8 wherein the ex- 35 
haust tube and air knives are at least partially 
enclosed by a chamber having a film inlet slot and 

a film outlet slot 

11. The apparatus of claim 8 including a sec- 
ond exhaust tube and a second pair of air knives 40 
located upstream along the web of film path. 

12. The apparatus of claim 8 wherein the holes 
in the air knife are located at an angle of approxi- 
mately 25° to about 35° with respect to the web of 
film. 45 

13. An apparatus for removing liquid and other 
residue in a packaging machine comprising: 

an exhaust tube having an inlet and an outlet 
the web being received by the exhaust tube 
through the inlet and exiting the exhaust tube 50 
through the outlet the exhaust tube being under a 
negative pressure and exerting a vacuum force; 

two elongated air knives located upstream of 
the exhaust tube along the film path of the web of 
film, one of the air knives being located on a first 55 
side of the web of film and the second air knife 
being located on a second side of the web of film, 
each air knife including an air inlet means and a 



plurality of . holes along its length for blowing air 
onto the web of film for removing liquid and resi- 
due; 

the exhaust tube and air knives cooperating so 
that at least a portion of the removed liquid and 
residue is captured by the exhaust tube; and 

the elongated air knives and exhaust tube are 
located within a cabin in the packaging machine. 

14. The apparatus of claim 13 wherein the 
exhaust tube and air knives are at least partially 
enclosed by an internal chamber located with the 
cabin in the packaging machine. 

15. The apparatus of claim 14 wherein: 
the cabin is under a positive pressure; and 

the internal chamber is under a positive 
pressure greater than the pressure of the cabin. 

16. The apparatus of claim 13 including a sec- 
ond exhaust tube and a second set of air knives 
located upstream of the exhaust tube and air 
knives in the cabin. 

17. The apparatus of claim 13 wherein the 
holes in the air knives are oriented at an angle of 
approximately 25° to about 35° with respect to the 
web of film. 

18. The apparatus of claim 13 wherein the 
cross-sectional area of an interior of the air knife is 
greater than a sum of the areas defined by the 
holes in the air knives. 

19. The apparatus of claim 13 wherein the air 
blown through the holes of the air knives is. heated. 

20. In aseptic form, fill and seal packaging 
machine, an apparatus for removing liquid and resi- 
due from a web of film, the apparatus being lo- 
cated within a sterile cabin, comprising: 

a first exhaust tube having a film inlet and a 
film outlet, the web of film passing through the 
exhaust tube, the exhaust tube including an interior 
under a negative pressure and exerting a vacuum 
force; 

a first set of elongated air knives located 
upstream of the exhaust tube along the film path, 
one of said air knives being located on a first side 
of the web of film and a second of said air knives 
being located on a second side of the web of film 
and the air knives including an air inlet and a 
plurality of holes for blowing air onto the web of 
film; 

the exhaust tube cooperating with the air 
knives so that at least a portion of the removed 
residue and liquid is captured by the exhaust tube; 
and 

the exhaust tube and air knives being at least 
partially enclosed by a first internal chamber hav- 
ing a film inlet and a film outlet. 

21 . The apparatus of claim 20 including a sec- 
ond exhaust tube, a second set of elongated air 
knives, and a second internal chamber located 
upstream of the film path of the web of film. 
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22. The apparatus of claim 20 wherein the . 
sterile cabin is under a positive pressure and the 
internal chamber is under a greater pressure. 

23. A method of sterilizing an air knife compris- 
ing the steps of: 5 

passing a flow of hydrogen peroxide through 
the air knife; and 

pulsing steam through the air knife. 

24. The method of claim 23 wherein the steam 

is pulsed approximately 10 seconds every 5 min- to 
utes. 

25. The method of claim 24 wherein hydrogen 
peroxide is flowed into the air knife for 30 minutes. 
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